Summary.-Ten cell lines of human squamous carcinomas of the tongue and larynx have been established from surgical specimens removed from 36 unselected patients, in order to provide systems for investigating the invasive and tissue-destructive capacity of squamous carcinomas of the head and neck. The morphology, ultrastructure and growth characteristics of the 10 lines are described. Detailed cytogenetic analysis of the first 4 lines indicates that each is karyotypically unique, with no evidence of cross-contamination. Nine of the 10 cell lines secrete immunoreactive / human chorionic gonadotrophin (/-hCG) in the culture medium. No correlation was demonstrated between the ability of the cell lines to secrete plasminogen activator and their capacity to grow in soft agar or as xenografts in immune-deficient mice.
SQUAMOUS CARCINOMIAS of the head and neck are uncommon cancers in the United Kingdom, but they present formidable problems in clinical management. Most carcinomas of the lower lip, small cancers in the anterior part of the tongue, and carcinomas confined to the glottis carry a good prognosis; but survival in patients with tumours at other sites remains extremely poor (Stell, :1975; Clifford, 1976 (Probert et al., 1974; Dennington et al., 1980) but clinically overt disease still tends to be concentrated in structures above the clavicles.
Detailed clinicopathological studies of the patterns of spread of squamous carcinomas of the head and neck into perineural spaces, bone and cartilage, and to regional lymph nodes, have been reported Carter & Pittam, 1980; Tanner et al., 1980) ; current investigations are concerned with some of the underlying mechanisms, with particular respect to tumourassociated destruction of soft tissues and bone (Tsao et al., 1981) . The information that can be obtained from examining fresh tumours is somewhat limited, and access to a number of continuous cell lines derived from squamous carcinomas of the head and neck would considerably facilitate investigations of the behaviour and properties of these tumours. Few such lines existed before this work began (Moore et al., 1955; Eagle, 1955; GCiard et al., 1973; Nishihira et al., 1979; Huang et al., 1980) . We describe here a relatively simple method which has produced 10 lines of squamous carcinomas of the head and neck, together with a brief account of their morphology, ultrastructure, karyo-types, growth characteristics and biochemical activities.
MATERIALS AND METHODS
Tissue culture.-Tumour tissue removed at the time of major surgery was immediately immersed in cold, sterile HEPES-buffered Medium 199 (Flow Laboratories) containing 150 i.u./ml benzyl penicillin (Glaxo), 100 pg/ ml kanamycin (Bristol), 2'5 ,tg/ml Fungizone (Squibb) and 1 ,ug/ml of the anti-mycoplasma agent minocycline (Lederle). The tissue was usually received in the laboratory within 4 h of surgical removal, but occasionally it was kept overnight at 4°C without apparent loss of viability. Obviously necrotic or haemorrhagic regions and associated muscle and fat were removed under a dissecting microscope, and the remaining tissue reduced to 1-2 mm3 fragments with a scalpel. About 8 fragments were transferred to a 25cm2 plastic culture flask (Nunc, Gibco) containing not more than 2-5 ml Dulbecco Eagle's medium containing 10% foetal calf serum (FCS) and the same concentrations of antibiotics used for tissue collection. Each flask was gassed with 10% CO2 in air to produce a pH of 7-4 and incubated at 37TC for a minimum of 4 days without disturbance, to facilitate attachment of the fragments to plastic. Some specimens were also incubated, with stirring, in solutions of 0-1% trypsin-versene or 0-1 % collagenase to produce suspensions of dispersed cells for culture. Medium was renewed twice weekly once the tissue fragments or cells had become attached. All but two of the specimens produced outgrowths of proliferating fibroblasts in addition to epithelial cells. Fibroblast outgrowth was controlled by a combination of three methods: mechanical removal using a rubber-coated, fine pointed metal probe; exposure of cultures to complement-dependent, anti-human fibroblast monoclonal antibody (Edwards et al., 1980) ; and selective detachment of fibroblasts by exposure to 0-1% trypsin-versene solution.
Subculture of primary cultures was never attempted until they were free of identifiable proliferating fibroblasts. Dilutions of cells at the first few subcultures were never more than 2-fold, as many trypsinized cells did not attach, and some of them may have been normal squamous epithelium of limited proliferative capacity. Aliquots of cells from early subcultures of each line were cryopreserved in HEPES-buffered Medium 199 containing 10% dimethylsulphoxide in liquid N2. Growth of some of the cell lines in semi-solid agar was examined using the method of MacPherson (1973) and clones were derived from the first cell line by plating single cells in multi-well dishes containing 0-2 ml of Dulbecco Fagle's medium plus 10% FCS per well. Doubling times of established lines were determined by inoculating 25cm2 culture flasks with 105 cells and trypsinizing and counting the number of cells every 24 h for 5 days.
Biochemical assays.-Media which had been in contact with primary cultures and with 3-4 x 106 cells of established lines for 24 h were assayed for carcinoembryonic antigen (CEA) by the method of Laurence et al. (1972) .
fl-subunit of human chorionic gonadotrophin (f-hCG) was assayed using the SB6 antiserum provided by the National Institute of Arthritis. Metabolism and Diseases of the Digestive System (Vaitukaitis et al., 1972) in a radioimmunoassay modified from the method of Orth (1974) , in which polyethylene glycol was used to precipitate the bound hormone. The influence of cell proliferation on 3-hCG secretion was examined in 4 cell lines by trypsinizing confluent cultures, replating all the cells in similar flasks, where they underwent a brief wave of proliferation, and assaying the medium, which was renewed every day for 7 days for ,B-hCG content. The influence of 2mM sodium butyrate on f,-hCG secretion by one established cell line was examined by exposing replicate cultures to medium containing 2mM sodium butyrate, which was renewed every day for 5 days; the ,B-hCG content was then compared with control cultures re-fed every 24 h with medium containing no sodium butyrate. At the end of the experiment the cells were trypsinized and counted.
The release of plasminogen activators by the established cell lines was measured using the method of Jones et al. (1975) (Mollenhauer, 1964) . Karyotypic analysis. Subconfluent cultures were monitored for evidence of mitotic activity, and when there were sufficient cells in various stages of mitosis, colchicine was added to the medium. The details of all subsequent procedures to produce air-dried preparations followed by trypsin G-banding were as previously described (Butler et al., 1974) except that the automated system was not used; instead, final cell suspensions in 4500 acetic acid were prepared, so that more than one slide was available from each culture.
RESULTS
Of the 36 original specimens received, 7 were discarded within a few days or weeks because of rapid bacterial or fungal growth which was not eliminated by the antibiotics or antifungal agents included in the culture medium. Cell lines were established from 10 of the remaining 28 specimens, the last 6 from 9 consecutive resections-a success rate which probably reflects increasing expertise in handling this type of tissue in the laboratory. The relevant clinical and pathological details for the 10 patients from whom cell lines were established are summarized in Table  I .
Only 2 of the lines grew ab initio without contamination with fibroblast-like cells (Fig. 1) . The remainder produced rapidly proliferating fibroblast-like cells which, if not repeatedly reduced in number, either detached colonies of epithelial cells from the culture surface or grew over the epithelial cells and inhibited their proliferation. The number of fibroblasts was generally controlled by mechanical detachment using a rubber-coated probe, though both the antifibroblast monoclonal antibody (Edwards et al., 1980) where groups contained low numbers of cells in contact. In addition, the elimination of fibroblasts with minimal loss or damage to epithelial cells was much easier and more efficient when epithelial growth was confined to relatively few, circular foci. Many of the original tissue specimens included regions of non-malignant squamous epithelium, and initial contamination of primary explant cultures with normal epithelium was probably common. One specimen from a patient with squamous carcinoma of the larynx produced outgrowths of abundant ciliated epithelium which maintained synchronous ciliated activity for the first 5-6 weeks of culture.
53
In general, the suspected normal epithelium consisted of cells which occupied a larger area and possessed a less granular cytoplasm than the malignant cells. They appeared to migrate from the explants in advance of malignant epithelium, formed somewhat different cellular arrangements at the leading edge (Figs 2, 3 ) and proliferated rapidly for the first few weeks before senescing and detaching by 7-9 weeks (Gusterson & Monaghan, 1979) .
All the cell lines are epithelioid. Eight of them showed some density-dependent inhibition of mitosis, while the other 2 continued to divide vigorously even after confluence was obtained (Figs 4, 5 all shed material of cellular and subcellular size which, under phase-contrast microscopy and in sections of pelleted material, closely resembled keratinized epithelium lost from the surfaces of cultured squamous epithelium derived from the oral mucosa of normal individuals and of patients with non-malignant diseases (Gusterson & Monaghan, 1979) . Tripolar mitoses, which are characteristic of many malignant tumours, were frequently observed in all the cell lines (see Fig. 1 ). Electron-microscopic examination revealed that, when cultured on plastic surfaces, most of the cell lines showed some overlapping, did not form multilayers, and possessed very similar ultrastructural features: desmosomes were present but not abundant, cytoplasmic filaments were sparse, and there were occasional microvilli on cell surfaces exposed to the culture medium.. Three cell lines were significantly different from the others in their ultrastructural appearance. HN-1 readily formed multilayers from which desmosomes were completely absent, the only cell junctions consisting of occasional thickenings of adjacent cell membranes (Fig. 6) . HN-7 formed rounded multicellular clumps resting on a cuboidal layer of cells. Fully formed desmosomes and cytoplasmic filaments were rare, and the cells were distinguished by their content of distended rough endoplasmic reticulum and irregular membranous structures (Figs 7, 8, 9 ). HN-5 was strikingly different from all the other lines, in that adjacent cells were linked by numerous desmosomes between which were small intercellular spaces. A dominant cytoplasmic feature was the large number of bundles of tonofilaments frequently interlinking the numerous desmosomes. Xenografts of HN-5 displayed the numerous desmosomes and tonofilaments which characterized most of the cells in the original tumour, and in the cultures from this tumour (Figs 10, 11, 12) .
Karyotype analyses were carried out on cell lines HN-I to 4. All of them were hyperdiploid, with mean numbers and ranges of counts as follows: HN-4 68 (52-92), HN-1 73 (50-92), HN-2 65 (59-72) and . In most of the lines, most chromosome counts were clustered around the mean counts. Though the mean counts were not dissimilar the cells from each line differed both in the detailed composition of their chromosome groups and in the nature of their abnormal marker chromosomes. Most of the extra chromosomes in HN-4 occurred randomly in the C group (X-6-12) while in HN-I the chromosome numbers were increased in the E & F groups. In HN-2 the A (12-14 per cell), C and E (8-12 per cell) groups, and in HN-3 the A (5-11 per cell), C (up to 33) and F (7-9) groups were increased. Notable reductions in other chromosome groups were also noted: G group in HN-4, D group in HN-I and 2, and B group in HN-3. All cell lines contained distinctive marker chromosomes which were often very large and readily distinguishable from each other. Their origin could not be correlated with changes in group composition, except in lines HN-1 and HN-2, in which reduced D groups were due to centric fusion, thus increasing the number in the A group. The cells from all lines except HN-3 contained one or more very small metacentric markers, the origin of which could not be identified even with banding. An analysis of G-banded material indicated that the large submetacentric chromosomes (2 per cell) found in HN-1, 2, 3 and 4 in flasks of the same surface area produced a brief increase in cell number and an approximately 2-fold increase in the release of immunoreactive 3-hCG while the cells were proliferating. f-hCG production by HN-1 was reduced to half the control values in the presence of 2mM sodium butyrate, but the final number of cells was also reduced by the same factor, indicating that production per cell was not influenced. Plasminogen-activator activity was high in media from cultures of HN-2, 4, 5 but the activity-dilution curves were not parallel with those ofhuman urokinase, indicating that activators other than urokinase were present. Because of this lack of parallelism, the levels of activities recorded in Table II (Fjelde, 1955) derived from the same primary carcinoma of the larynx, and also Hep-3 derived from a carcinoma of buccal mucosa (Moore et al., 1955) . Both these lines originated from tumour xenografts grown in irradiated, cortisone-treated rats. Eagle (1955) derived the KB line from a poorly differentiated squamous carcinoma of the floor of the mouth and tongue, and Giard et al. (1973) obtained Line A-253 from an "epidermoid carcinoma of the neck" (sic). More recently, Nishihira et al. (1979) have described the establishment of 2 cell lines from human squamous carcinomas of the oesophagus, and Huang et al. (1980) have established a cell line from a differentiated squamous carcinoma of the nasopharynx. Fortuitously, the methods used in our present study to establish cell lines were very similar to those used by Nishihira et al. (1979) Ellison (1980) observed that immunoreactive /-hCG production by HN-1 was higher when the cells were in the early growth phase than when cell proliferation had decreased after confluence, and that high initial plating densities also favoured increased production. Very similar results were obtained in the present study with lines HN-2, 3 and 5. In contrast with the observations of Chou et al. (1977) of increased production of a-hCG and hCG by cultures of non-trophoblastic tumours exposed to sodium butyrate, this reagent produced no significant effect on the production of immunoreactive 3-hCG per cell in cultures of HN-1. There were considerable and consistent differences between the abilities of the different lines to produce plasminogenactivating substances, and there were no correlations between capacity to grow in soft agar or as xenografts and production of plasminogen activators. The ability of the cell lines to invade and destroy soft tissues and bone is being investigated both in vitro and in vivo, and preliminary observations indicate that most of the cell lines produce osteolytic factors which include prostaglandins and other osteoclastic stimulants (Tsao et al., 1981) .
Two inevitable limitations of the tumour cell lines may be noted. The establishment and growth of squamous-carcinoma cells in these circumstances is a highly selective process, so that extrapolation of behaviour in vitro to that of the original tumour in its clinical context is always to some extent speculative. Secondly, considerable time is usually needed to establish such lines, and it is improbable that they will provide a practical means of investigating the functional pathology of tumours in an individual patient. They are, however, likely to be valuable in analysing various features of tumour behaviour, such as invasion, and it is in these more fundamental aspects ofhuman tumour pathology that their applications are likely to be most useful.
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